The present invention deals with a retrieval device for removing material from a body.
BACKGROUND INFORMATION
Biological material, Such as Stones, can reside at least in the kidney, ureter, or biliary duct. Stones can be extremely painful and require medical treatment. Removal of Stones from the body has been accomplished by two methods in the past. The first method is Stone removal through conventional Surgery; a treatment with obvious disadvantages, risks and drawbacks. The Second method is to remove Stones under the guidance of an endoscope. In this method a grasping device is guided through the body tract to the Site of the Stone and is used to grasp and remove the Stone under endoscopic guidance. Grasping devices which have been used in the past for the removal of Stones include basket devices that have generally Straight legs that bow outward from the center of the basket.
SUMMARY OF THE INVENTION
The invention provides a device and method for retrieval of material from a body. More particularly, the invention relates to a device and method for immobilizing a Stone in the body with a basket of the device so the stone can be effectively fragmented and then allowing the Stone and/or the pieces thereof to be removed via the basket which is formed, pursuant to the invention, of multiple, Spiral-shaped, generally parallel, non-overlapping, and non-interSecting legs that are flexible and relatively closely Spaced to each other (e.g., no more than about 2 mm apart).
The retrieval device of the invention includes the basket, a sheath movable relative to the basket, and a handle. The basket has spiral-shaped legs disposed around a central axis. The Spiral-shaped legs have improved flexibility and move ability. In an intermediate Section of the basket, the Spiral shaped legs are disposed Substantially parallel to one another around the central axis. The legs do not interSect. InterSect ing legs tend to restrain basket leg flexibility.
In one aspect, the invention relates to a device for retrieving material from a body. The device includes a sheath having a lumen extending therethrough and having a in the expanded position, the basket can provide a Support Surface for the material when it is being fragmented, and it can further be used to capture the fragmented material.
Embodiments of this aspect of the invention can include the following features. For example, in one embodiment the legs of the intermediate portion of the basket may be spaced about 0.0787 inches to 0.394 inches apart. In another embodiment, an elongate member may extend within the lumen of the sheath and may be operably attached to the basket Such that movement of the elongate member relative to the sheath results in the basket moving between the expanded and retracted positions.
In another aspect, the invention features a method for fragmenting and retrieving material (e.g., a stone) from a body tract This method involves inserting into a body tract a device Such as the device described above. The method further includes immobilizing material in the body tract by moving the basket from the retracted position to the expanded position whereby the material is blocked, and then fragmenting the material in the body tract while using the expanded basket to limit movement of the material during fragmentation. The expanded basket can then be manipu lated to capture at least Some of the fragmented material within the basket. Catheter 12 is preferably made of commonly available mat which provide Sufficient Strength and SpringineSS for adequate operation, but which are Soft enough to avoid Substantial trauma or irritation to the tract or duct in which catheter 12 is deployed. Materials which may commonly be used to form catheter 12 include polyethylene, nylons, PebaX, Teflon, urethanes, Silicones, and other Suitable poly mer materials. The material is preferably biocompatable and inert to body fluids.
In the preferred embodiment, cannula 14 is a Stainless steel tube or may simply be a solid wire or a coil which extends the entire length of catheter 12 and is connected to the interior of a distal tip 22. Cannula 14 is axially movable within the lumen of catheter 12.
Mesh portion 16, in the preferred embodiment, is simply an expandable element which allows fluid flow therethrough and is preferably formed of a deformable mesh or net material, or of braided or woven fibers or metal wires, but can also be formed of a plurality of Spirally arranged wires or fibers. The material is preferably formed of polymer fibers, such as nylon. In the embodiment in which mesh portion 16 is formed of a polymer mesh or netting material, the mesh size is preferably very Small, and the holes in the meshing are on the order of Several thousandths of an inch. It has been found that such a relatively tight mesh allows the passage of fluid therethrough, but does not allow any Sub Stantial particulate passage therethrough. In one preferred embodiment, a mesh net is formed wherein each Strand of the mesh net is approximately 0.005 inches in diameter and the foramina in the net are Several thousandths of an inch (e.g., 0.001 to 0.010 inches) across.
In the embodiment in which mesh portion 16 is formed of metal wires, the wires preferably comprise 0.006 inch diam eter Stainless Steel wires. There are preferably at least three wires worked into overlapping Spiral patterns. This is shown and discussed in greater detail with respect to FIGS. 5B and 5C.
Mesh portion 16 is expandable in a radial direction by manipulating cannula 14 relative to catheter 12. For instance, if cannula 14 is partially withdrawn from catheter 12 in the direction indicated by arrow 24, tip 22 is drawn closer to sheath 12 thereby exerting a compressive force on mesh portion 16. This causes mesh portion 16 to bulge outwardly in the radial direction The further tip portion 22 is brought toward sheath 12, the greater is the radial outward displacement of mesh portion 16.
FIG Once Stone 28 is broken into pieces or fragments, those fragments are removed in any number of Suitable ways. For instance baskets can be deployed to remove the fragments. However, expandable device 10 is also usefull in removing the fragments, or in Sweeping the tract 26. Once Stone 28 is broken into fragments, mesh portion 16 is preferably main tained in the expanded position and expandable device 10 is withdrawn from tract 26. Since mesh portion 16 is formed of a mesh size which allows fluid flow therethrough, but which does not allow any Substantial particulate flow therethrough, this has the effect of Sweeping tract 26 Sub Stantially clean of Stone fragments.
Mesh portion 16 can also be formed to assume a substan tially predetermined configuration upon being expanded. For example, the fibers in a woven mesh or net can be woven Such that, when the compressive force is exerted on mesh portion 16 by sheath 12 and tip 22, the resultant expansion yields a predetermined configuration. Further, where mesh portion 16 is formed of heat-settable or other suitable polymer materials, those materials can be heat-set or ther moset So that they obtain a predetermined configuration upon expansion.
FIGS. 3 and 4 illustrate two preferred predetermined configurations. In FIG. 3 , mesh portion 16 is expanded to assume a Substantially concave configuration relative to tip 22. This, in Some instances, is beneficial or advantageous such as when expandable device 10 is used to Sweep or filter a duct or tract 26 . FIG. 4 illustrates that mesh portion 16 assumes a Substantially convex shape relative to tip 22. This is beneficial when expandable device 10 is used in removing both FIG.3 and FIG. 4 6 shows that mesh portion 16 is formed of a mesh material which runs Substantially the entire length of cath eter 12 and is embedded therein. This can be accomplished by a multiple-extrusion process in which an inner first layer of the material forming catheter 12 is extruded, mesh material forming mesh portion 16 is disposed on the first extrusion, and then a Second extrusion of material forming catheter 12 is performed to cover mesh portion 16 in all areas except where it is desired that mesh portion 16 be radially expandable. It should also be noted, however, that mesh portion 16 can be embedded in the material forming catheter 12 by Simply taking a shorter length of mesh portion 16 and melting it into the wail of catheter 12.
In other applications, mesh portion 16 is simply Secured to sheath 12 using commonly known bonding methods for metals and plastics Such as ultraSonic welding or adhesives.
FIG. 7 shows another embodiment of expandable device 10 according to the present invention. In FIG. 7 , expandable device 10 is provided with two mesh portions 16A and 16B. Each of mesh portions 16A and 16B is formed substantially the same as mesh portion 16 described with respect to FIGS. 1-6. However, mesh portions 16A and 16B are separated by a spacer 30. In the preferred embodiment, spacer 30 is formed of the same material as catheter 12 and is simply a generally tubular member disposed between mesh portions 16A and 16B. In Such an embodiment, retraction of cannula 14 relative to catheter 12 causes a compressive force to be exerted both on mesh portion 16A and mesh portion 16B, through spacer 30. This causes both mesh portions 16A and 16B to expand radially outwardly. In the embodiment shown in FIG. 7 FIGS. 8A-8D illustrate yet another embodiment of the present invention. In FIGS. 8A-8D, expandable device 10 is disposed within a movable outer catheter sheath 32. Outer sheath 32 preferably extends for a major portion of the length of expandable device 10 and is axially slidable along the outer periphery of expandable device 10. Outer sheath 32 is preferably formed of a material similar to sheath 12 and has, disposed at its proximal end, a handle 34. However, outer sheath 32 may be only a relatively short sheath (on the order of the axial length of mesh portion 16) having its axial movement controlled by other means (other than handle 34) Such as a control wire or a coil. Sheath 32 can be manipu lated relative to expandable device 10 to obtain a desired, and controlled, radial expansion of mesh portion 16.
In However, where it is desired that the diameter of the expanded portion be reduced, outer sheath 32 is moved axially relative to expandable device 10 to cover a portion of mesh portion 16. This is shown in FIG. 8C . Therefore, with outer sheath 32 deployed as shown in FIG. 8C , a smaller part of mesh portion 16 (having length L2) is available for radial, expansion. When cannula 14 is withdrawn relative to cath eter 12 to cause mesh portion 16 to expand, the expanded configuration obtained by mesh portion 16 has a diameter d2 (shown in FIG. 8D ) which is smaller than the diameter d1 (shown in FIG. 8B) , of course, the diameter of the expanded configuration of mesh portion 16 can be continuously varied Simply by varying the degree to which Outer sheath 32 overlaps, and thereby constrains the expansion of, mesh portion 16. Sheath 32 could also be located distally of mesh portion 16 and pulled over mesh portion 16, and pushed to expose mesh portion 16.
FIGS. 9A-9C show yet another preferred embodiment of the present invention. In the embodiment shown in FIG.9A The present invention will preferably be formed with one of any number of outer diameters, but will most commonly have an outer diameter of 1.5 French to 10 French. In addition, the total length of the mesh portion will have any Suitable dimension, but is preferably approximately 1-3 cm in length.
While it has been disclosed that the mesh portion of the present invention is expanded to immobilize Stones or objects to prevent migration of those objects during various therapies, the present invention can also be used to manipu late or remove Such objects. However, immobilization is typically used during pneumatic, mechanical, electrical hydraulic, laser, or other forms of treatment of the Stone. Further, it should be noted that the wires or fibers forming mesh portion 16 can have any Suitable croSSSection, Such as flat wires, round wires or whatever is deemed appropriate. Since a low profile device is preferred in Some applications, mesh portion 16 will be formed using as few wire crossovers (if any) as practicable in Such applications, while still Maintaining desired StiffneSS for an adequate backStop.
Further, the present invention can be implemented in a multi-lumen catheter which can be used to deliver fluids, Such as contrast fluid, Saline-flushing fluid or caustic fluid which helps to break down the stone. In another aspect of the invention, referring to FIGS. 10A-B, an expandable retrieval device 10 comprises a sheath 12, a basket 60, a cannula 14, and a handle 20. The basket 60 has a first basket portion 11, a second basket portion 13, and an intermediate basket portion 15 interposed between the first basket portion 11 and second basket portion 13, as also shown in FIGS. 11A and 11B. The basket 60 can be placed in a radially-expanded position, as shown in FIGS. 10A, 10B, 11B, and 13B and a retracted position, as shown in FIGS. 11A and 13A.
As illustrated in FIG. 10B , the basket 60 is comprised of multiple spiral-shaped parallel legs 17 disposed around a central axis of the basket in the intermediate portion 15. The legs 17 are non-interSecting. The legs 17 begin forming the basket 60 at the first portion 11 and end at the second portion 13. In the disclosed embodiment, the legs 17 are twelve wires that extend within the cannula 14. Other members of legs are possible Such as 3, 4, 5, 6, etc. In general, the basket 60 has two or more legs, and preferably three or more. The basket legs may be made from Stainless Steel, nitinol or plastics. As shown in FIG. 10C , an end-view of the basket 60 comprises a Star configuration.
In the disclosed embodiment, each of the parallel spiral shaped legs in the intermediate portion of the basket 60 is spaced about 0.05 inches to 0.394 inches apart from the nearest legs, preferably 0.0787 inches apart In another embodiment, the parallel spiral-shaped legs are distanced about 0.118 inches to 0.236 inches apart, preferably 0.118 inches.
In one embodiment, the basket 60 is embedded in the wall of the sheath 12 as shown in FIGS. 11A and 11B. The cannula 14 is operably attached to the Second basket portion 13. For example, the cannula may be attached to the tip 22 of the basket 60. in FIG. 11A , when the tip 22 of the basket 60 is axially-moved by withdrawing cannula 14 in the direction of the arrow, the second basket portion 13 is drawn closer to the sheath thereby exerting a compressive force on the basket 60 moving the basket between a retracted position to an expanded position shown in FIG. 11B . When the basket is compressed against the end 34 of sheath 12, the interme diate section 15 is displaced radially outward relative to the first 11 and second 13 portions when the basket 60 is in the expanded position (FIG. 11B) . The further the tip 22 is brought toward the sheath 12, the greater is the radial outward displacement of the intermediate portion 15 of basket 60.
The spiral legs of basket 60 can be formed to assume a Substantially predetermined configuration upon being expanded. That is, the Spiral legs can be pre-formed Such that when the compressive force is exerted on the basket 60 between the sheath 12 and the tip 22, the resultant expansion of basket 60 yields a predetermined configuration. The preferred configuration of the basket 60 is shown in FIG.  10B . Further, the spiral legs 17 can be formed of heat Settable or other Suitable polymer materials, and those materials can be heat-Set or thermoset So that the spiral legs 17 obtain the predetermined configuration upon expansion. Each of the spiral legs 17 of the basket 60 alternatively and preferably can be made of wire of rectangular cross-section, round wire, or other material (e.g., plastic) with these or Still referring to FIGS. 12A-12E, the stone 28, prior to being fragmented, is typically greater than about 10 mm in diameter. Once fragmented, the pieces of the Stone 28 can be about 2 mm to 10 mm in diameter, and these pieces can then enter the basket 60 between the legs 17 because the distance between the legs is about 2 mm or less and because the legs are flexible. It is an important aspect of the invention that the basket 60 acts as both a stone immobilization device and a Stone retrieval device.
In the preferred embodiment shown in FIG. 13A , the expandable device 10 comprises the sheath 12, and the basket 60 is moveable within the sheath 12. In general, the basket moves relative to the sheath 12 between an expanded and retracted positions. When the basket 60 is enclosed in the sheath 12, the basket 60 is in its retracted position, and it's in its expanded position when it extend from the distal end of the sheath 12 (FIG. 13B) . The first basket portion 11 is attached to the cannula 14 (e.g., a Solid wire or a plurality of wires) that is longitudinally disposed in the lumen of sheath 12. When the sheath 12 is moved relative to the basket 60 in the direction of the arrow (FIG. 13B) , the spiral legs 17 exit from the end of the sheath and the basket 60 expands radially, thereby moving the basket 60 from its retracted position to its expanded position.
The spiral legs 17 of basket 60 in FIGS. 13A and 13B can be formed to assume a Substantially predetermined configu ration upon being expanded. For example, the Spiral legs 17 can be pre-formed Such that when the Spiral legs 17 are released from the end of the sheath 32, the resultant expan sion of basket 60 yields the configuration shown in FIG. 10B. The spiral legs 17 can be formed of the materials mentioned previously. 14B , the spiral legs 17 are released from the end of sheath 12 causing the basket 60 to move between a retracted position to an expanded position. In accordance with the invention, the basket 60, with its multiple, Spiral-shaped, generally parallel, non-overlapping, flexible, and non interSecting legs 17, can now be used as an immobilization device and a retrieval device. Typically, and in accordance with the invention, it will first be used as a stone immobi lization device or blocking device so the stone 28 can be fragmented, and then it is used to retrieve the Stone or Stone fragments 28 which will tend to enter the basket 60 because of the unique shape of the legs 17. Although the present invention has been described with reference to preferred embodiments, workerS Skilled in the 5. The device of claim 1 wherein the basket legs comprise a plastic material.
6. The device of claim 1 wherein each of the basket legs in the intermediate portion is spaced apart 0.05 inches to 0.118 inches away from the adjacent leg.
7. The device of claim 1 further comprising an elongated member extending within the lumen of the sheath and operably attached to the distal portion of the basket.
8. The device of claim 6 wherein each of the basket legs in the intermediate portion is spaced 0.0787 inches from the adjacent leg.
9. The device of claim 6 wherein each of the basket legs in the intermediate portion is Spaced 0.118 inches from the adjacent leg.
10. A method for retrieving material from a body, com prising:
inserting a medical device comprising: a proximal handle, a Sheath extending from the handle to a distal end of the sheath, the sheath including a lumen extending therethrough; and a basket comprising at least three legs, Said basket having a collapsed position in which the basket is collapsed within the lumen of the sheath and an expanded posi tion in which the basket is located beyond the distal end of the sheath, the basket comprising a proximal portion comprising a length, a distal portion comprising a length, and an intermediate portion extending between the proximal and distal portions, the intermediate por tion comprising a length that is greater than the length of each of Said proximal portion and Said distal portion, Said at least three legs in the intermediate portion being Spirally arranged, Substantially parallel, and non interSecting, said intermediate portion having a uniform diameter throughout its length when the basket is in the expanded position; maneuvering the basket around Said material in a body; capturing Said material in the basket; and removing the basket from the body.
11. The method of claim 10 wherein said material in a body comprises a Stone.
12. The method of claim 11 wherein said stone is located in the biliary tract.
13. The method of claim 11 wherein said stone is located in the urogenital tract.
14. The method of claim 10 further comprising fragment ing the material in the body tract.
15. The method of claim 14 wherein fragmenting the material comprises laser lithotripsy. 12 16. The method of claim 14 wherein fragmenting the material comprises chemical lithotripsy.
17. The method of claim 10 further comprising an elon gated member extending within the lumen of the sheath and operably attached at a tip of Said proximal basket portion Such that relative movements between the elongated mem ber and sheath results in the basket transitioning between the collapsed position and another in which the basket is 10 extended beyond the distal end of the sheath.
